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@ A thin Aim transistor includes ; an Insulating 
flm having a surface; a aemtoonductor film 
formed on the surface of the insulating ffan ; a 
source electrode and a drain electrode which 
ere tn contact wfih the semiconductor fttm ; arid 
a gate electrode which to electrically Insulated 
from the semiconductor 19m. In the thin fSm 
transistor, a portion of the semiconductor flm 
et distances of lass than 500 angstroms from 
(he surface of the Insulating film contains et 
least silicon Including a mtcrooryatBllne eiruo- 
ture having a conductivity of 5 x S/cm or 
more. Also, a method for fabricating such a thin 
film transistor b dtadoaod. The method In- 
cludes a stop of forming a- santfcoftduetor <Bm 
Including a silicon layer having a mfcrocrystal- 
Ibio structure by repeatedly performing the fol- 
lowing staps (1) and (2) : (1) forming a silicon 
layer on an Insulating 11m by decomposing a 
material gas tndudtag SI which fa introduced 
Into a reaction chamber of a plasma chemical 
vapor deposition apparatus ; and (2) microcrya- 
baBizing the sfllcon layer by Introducing the 
hydrogen gas Into the chamber to perform a 
hydrogen plasma treatment for the aMoon layer. 
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BACKGROUND OF THE INVENTION 

1. BeW of the Invention: 

The present Invention relates to a th in f ttm tran- 
sferor (rieromafter referred taaa'a TFT) matiqr 
U kJ crystaT display apparatus and a matted of produc- 
ing the same, and also relates to a ffqufd crystal <fis- 
ptay apparatus. 

2. Descriptors of the Related Art: 

In a liquid crystal display apparaftis. art active de- 
vice such as a TFT te provided for each pbcd, In ord er 
to display an image wfth high resolution- A number of 
TFTs can bo for med over a large area, so as to be able 
to control a very targe number of pixels. 

Converittofiatly, as a ewrwoonductar layer of a 
TFT, an amorphous silicon (a-Sl) flan formed by reac- 
tive plasma chemical vapor deposftton using radio fre- 
quency drecharoe (RF-PCVD), a potycryatalBne sili- 
con (poty-Sftrtrn obtained by reforming an a-SlfBm 
by thermal chernfcaJ vapor deposition (thermal CVD) 
and then reoryetaSWrtg the a-SI fBm by aoUd phase 
pfeny or laser annealing, or another type of fim haa 
been used. 

On the other hand, a sflteon fWn Including a **• 
ciocryatanine atmcture {uc-Sl) la prepared by RF- 
PCVD under condttona of a high RF power and a high 
dlutfcm with hydrogen. It to krwwntha^v^ the po- 
st Is used tor an amorphous aWoon-tawed solar catt 
having a pin structure, the refease vufttge of the 
amorphous sWcon-basod solar cell is Increased and 
the photoelectric conversion efficiency la Improved. 
Mso a iaknownlhalthe ac-S te prepa red m o r e easily 
with a higher RF power and a higher daufiort with hy- 
drogen. 

In a case where a sUtcon fffim including the rntaro- 
crystailhe structure Is prepared under conditions of a 
high RF power and a high dilution wtth hydrogen, the 
crystaflkafrm of wfeson depends on the type of em- 
ployed substrate end a thickness of the fSm. For ex- 
ample, Table 1 ahowa a retatfcrohip between a thick- 
ness and a dark comJuctfvfty of a p4ype rnlfoon f ton 
which is formed under conditions that the flow rate of 
SiH* including 0.7% BjHb te 20 scorn, the flow rate of 
Kj fa 800 acorn, the substrate temperature Is 260*C> 
the RF powerdensity Is 0.04 W/om* and the pressure 
la 100 Pa. 



Table 1 
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20 



40 



FBmTWckwwa 


Dark Conductivity 


3000 A 


5xto-*(Sfcm) 


1000 A 


2x1<H<S/cm) 


tf»A 


5x10-" (S/om) 


200 A 


5x10-" (Stem) 



It Is seen from Table 1 that, when the p-type aBV- 
con fBm whfch fa formed under the above cond&tons 
has a thickness of 1 000 angstroms or more, the dark 
conductivity thereof fe higher than that of the fern 
having a t hlckn ess of 500 angstroms or leas by aoout 
nine orders. As te understood bom the above. If the 
p-type silicon f ton whtoh la formed under the above 
conditions has a thickness of 500 angstroms or lass, 
the fflm Is composed of a-8t If the p-typeettcoofsm 
has a thickness of 1000 angstroms or more, po-S) Is 
formed on a-31 having a thickness of 600 angstroms 



Tsfata 2shawaa relationship between a thickness 
and a dark conductivity of an n-typeslfcon film which 
is farmed under conditions thai the flow rate of SIH« 
Inducing QJS% PHa te 20 seem, the flow rate of Hi <s 
1400 seem, the substrata temperature Is 260°C, the 
RF power density fs 0.05 W/crn*. and the pressure 
110 Pa. 

Table 2 



50 



SB 



Rim Thickness 


Dark Conductivity 


500 A 


1.8x10* (S/cm) 


225 A 


1.3 x«H (Stem) 


150 A 


2£x10-*(S/cml 



It 1a seen from Table 2 that, the n-typa sfton 
film which ts formed under the above conditions has 
a thickness of 2O0 angstroms or less, the frfm is com- 
posed of a-SU ff the f Hm has a thickness more than 
200 angstroms, uc-Sr Is formed on a-SI having a 
thickness of about 200 angstroms. 

As described above, conventionally, In a case 
where a aBteon «m is formed by performing deposi- 
tions successively in a usual P-CVD apparatus, it is 
difficult to obtain uo-SI by miorocrystallizirig a-SI with- 
in a thickness of 500 angstroms attar the start of de- 
position, even under the condfttone for essay forming 
no-Si, I.e., under conditions of a WghRF power and a 
high dilution with hydrogen. 

Genemfty In a TFT, the f feW-efteer mobffity m a 
vary thin sernfceriducto layer which is In contact with 
an Insulating tftm detanrenaa the amount of an ON 
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current of the TFT. The thickness of the eerrrfconduo- 
tarter k 1000 angstroms or (ess in « general TFT. 
and preferably about 200 to 600 angstrom. There- 
fore ff the semioonductw Fayer of a TFT Is formed un- 
der conditions of the high RF power and the high di- 
lution with hydrogs n, the semioonductor layer to com- 
posed of a-Si Thus, ft fe considered that the ON cur- 
rent of the TFT cannot be Increased. 

An article (1) specified below shows a method for 
farming jio-SI by repeatedly performing a formation 
Of a sBtoon film and a hydrogen plasma treatment, 
with a usual TO^-PCVD apparatus 

(1) K. Nomoto, Y. Ufa no, JL L Gufcot, G Ganguly 
and A. Matsuda, "Role of Hydrogen Aioma in the For- 
mation Process of RyeVogeriated Mtaocrystafftie Si- 
icon'. Japanese Journal of Appfled Physics Vol. 29, 
No. 8, August 1990, pp. L1372-L13F75. 

According to the method disclosed In the article 
<1), an a-Si f 8m la f iratf armed only by using StH*, and 
then a hydrogen plasma traatment la performed far 
the a-Sl flm. Then, after a predetermined erne peiV- 
od, fohowtag the oompleOon of the hydrogen ptoama 
treatment, has etapsad, a nert e>8l f im to formed. 
However, thara Is no report that the above method is 
applied to a TFT. 

In order to produce a targe-sized Squid crystal 
display with Mgjh resolution, * (a iwcaaaary to charge 
a capacitance formed by a NauU crystal layer and a 
storage capacitor (n a short gate switching Hrne peri- 
od. However, sraTFT which uses the above a-SlfBm 
aa a semiconductor layer. I (a impossible to increase 
the ON currant because of a tow field-effect mebffity 
of the ssmworiductor layer. In such a TFT, ft fe neces- 
sary to Increase the ska of the TFT so aa to Increase 
the ON current This dlaaoNrarrtogeousiy teadato a de- 
crease In the opening ratio o)f the Hqutt crystal tfsptay 

apparatus. 

On the other hand. In a TFT using t ho pory-Si fttm 
sa a eemkwductar layer. It la pcaa^tetocreasethe 
ON current of the TFT because of a togjh f letd-eftect 
moMtty of the semtecriductor layer. However, In order 
to obtain a pofy-51 f to by crystaflWng ena-Sifam by 
solid phase epitaxy, ft Is necessary to perform an an- 
nealing process tor about ten hows at temperatures 
of e0Q°O or more. Therefore, ItladfffJcuJttoiiseausur 
a! glass substrate, and ft is JmpoesiHe to obtain a TFT 
having a large area. In another case where the poty- 
SI f Dm Is obtained by recryatatlWng the a-Si f»m by 
laser annealing, ft Is necessary to use a tow-epeed 
and expensive laser annealing apparatus, so that the 
method to not suitable tor mass production. 

8UMMAKY OF THE INVENTION 

The thin film transistor of this Invention tocludes: 
an Insulating Rm having a surface; ao t-type semi- 
conductor fHm formed on the surface of the insulating 
IBm; a source electrode and a drain electrode which 



are to contact with the 8efnJcon<kjc^fajTvandaoato 
electrode which Is el ectrieaHy insulated from the sem- 
icorKJucaxf (Im, whaiain a poroVw 
torfftmetdaftanceacAlesathaA 
5 the surface of the msuteiingftm contain* at least sa- 
loon todudlng a mfcrocrystalltae structure having a 
cwductMty of 5 x 10r° S/cm or more. 

According to another aspect of the Invention, a 
thin fifcm transistor includes: an Insulating firn having 
to a surface; a p-type or n-type aerrtfconductor IBm 
formed on tha surface of the inwialing film; a source 
electrode and a drain electrode which am sn contact 
with the serrdoonductor f am; and a gate electrode 
which to alecfrteaHy Insulated from the semiconductor 
45 fSn\ wherein a portion of the semioonductor f ten at 
distances of leas than 500 angstroms from the sur- 
face of tha insulating fftm ©ontatoa e* leaat altoon kv 
riudirtg a nwocrv»taHine structure having a conduo- 
ttvtty Of 1 x 10-» Stem or more. 
20 According to another aspect of the invention, a 

thto f am transistor includes: an insulating f Bm having 
a surface; a samtaonductor 19m formed on the sur- 
face of (he ineuJatfng f*n; a source eiecfrode and a 
drain etocbode wMch are si contact wtth the samtooft- 
29 Aictarftrn;arida©^e*ecb^ 

instated finom the eerrdccriductor film, wherein a por- 
tion of tha sttrtotttductor tarn at distances of lass 
than 500 angstroms from the surface of the Insulating 
fain contains at least aflfeon Including a ntfcrocrystaf- 
so tine stnjclure having an amourt 
"to atomic percent or less. 

Aooording to another aspect of the Invention, a 
thto mm translator Includes: an insulating f&m having 
a surface; a aerrfcoftductor fBm formed on tha aur- 
as face of the Insulating film; a source eJactrode end a 
drain electrode* which are In contact wfthtrw semicon- 
ductor film; and a gate alectroda which to electrically 
(naufatodfrom the aemkxjrxJucterflm. wherein a por- 
tion of the semtoonductor titan at distances of less 
40 than 500 ang st r oms ft um tha surface of the irtauiaong 
f fim oontains at least sJfcon toeing a mferocrystal- 
|(ne structure having crystalline volume fraction of 
10% or more. 

According to another aspect of the invention, a 
45 method for fabricating a thin fUm transistor la provid- 
ed. The method Includes a step of forming a semicon- 
ductor fBm Including a silicon layer having a micro- 
crystalline structure by repeatedly performing steps 
<t)and{2); informing a silicon layer by decomposing 
so a material gas Including SI which Is Introduced Into a 
reaction chamber of a plasma chemical vapor depos- 
ition apparatus; and (2) mlcrocrystallWrtg the sHIcon 
layer by introducing tha hydrogen gaa Into the cham- 
ber to perform a hydrogen plasma treatment for the 
92 silicon layer. 

In one embodiment of the toventton, the method 
further Indudea a step of performing « hydrogen 
plasms treatment for an upper surface of en Insulating 
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film on which the semtaonrfudorfBrn is formed, prior 
to the stop of forming the sartconductorffim on the 
Insulating flm. 

In another embodiment of the invention. In the 
step of forming the sUtaen layer, the sftcon layer to 
formed to have a thickness 6n the rang* of 1 to 1000 



According to another aspect of the Invention, a 
method for fabricating a thin f»m transistor to provid- 
ed. Ths method todudes: aflnABtopfartormnga a»- 
loon iayer having a tntepooryatafifne structure under a 
condition of a d&uftm ratio with hydrogen of 200 or 
more, t he efflcon layer having a tMdcness of 100 ang- 
stroms or lees; and a second step for forming, on the 
silicon layer, another fttftoon iayer having a mtoecrye- 
talltne structure under a conriiinn of a dfcrtton ratio 
with hydrogen of 2-100. 

According to another aspect of the invention, a 
method for producing a tiqutt crystal display appara- 
tus knchadrng thin flm translators to provided. In the 
method, a step of forming a eerrtfcorKJuctor fffm for 
each of the thin flm transistors Includes a step of 
forming a semiconductor f?m composed of a sflfccn 
layer having a mlcrocrystaifine etructure by repeated- 
ly perform/ng steps (1) and (2): (1) forming an amor- 
phous sfltoon layer on a substrate by deoornposfng a 
material gae fhchidtag SB JrttrocVced Into a reaction 
chamber of a plasma chemical vapor deposition ap- 
paratus by plasma; and (2) pertormtog a hydrogen 
plasma treatment for the amorphous sflfccn layer by 
Introducing a hydrogen ges into the reaction chamber. 

According to another aspect of the invention, a 
plasma chemiceJ vapor deposition apparatus in- 
cludes; a reaction chamber for forming a thta eami- 
conductor layer and for performing a hydrogen ptoe- 
ma treatment for the thin semiconductor fcayer, a first 
tine, coupled wxh the reaction chamber, for irrtroduo- 
Ing a hydrogen gss into the reaction chamber; a sec- 
ond Ihve, coupled wtth the reaction chamber, far intro- 
ducing a rnateriat 9^ used for forming the thin sem- 
iconductor layer Into the reaction chamber a third 
line, coupled with the second the, for exhausting the 
material gae from the second tin* and switching 
means tar switching between the second line for in- 
troducing the material gaa and the third fine for ex- 
hausting the material gas. 

According to another aspect of the Invention, a 
plasma chemical vapor deposition apparatus In- 
cludes: a reaction chamber for forming a thin semi- 
conductor layer and for performing a hydrogen plas- 
ma treatment for the thin semtonductur layer; a first 
line, coupled with the reaction chamber, for Introduc- 
ing a hydrogen gas Into the reaction chamber; a sec- 
ond line, coupled wRh the reaction chamber, for intro- 
ducing a material gas used for forming the thin sem- 
iconductor lay r Into the reaction chamber, a third 
line, coupled with the second line, for exhausting the 
material gaa from the second Une; aflretvsWe provid- 



ed on the second line between the reaction chamber 
and a counting portion of the second line and the third 
Line; a second verve provided on the third line; and 
control means forcontrofllng the opening and dosing 

a the first vatve and the second vatve, wherein, when 
the than sefriconotaftor iayer to formed, the control 
means controls the first valve to be open and the sec- 
ond vatve to be closed, whereby the malarial gas to 
Introduced Into the reaction chamber, and when the 

10 hydrogen plasma treatment to performed for the thin 
semiconductor layer, the control means controls the 
second valve to be open and the first valve to be 
dosed, whereby only the itnraducuon of the material 
gaa into the reaction chamber is stopped. 

iS Thus, the irrverrtron described herein makes pos- 
sible the advantages of (1) providing a TFT which can 
Increase an ON current and which to Inexpensive and 
suitable for mass production, end (2) providing a 
method of producing a large-sized liquid crystal dnv 

20 ptay apparatus with hloJ> raeofotion Including such a 
TFT. 

These end other advantages of the present in- 
vention wfl become apparent to those sWRed In the 
art upon reading and understanding the fbttowtog da- 
zs tailed deecrtpttonwfthrehMBrice to tte 
figures. 

BWEFresCWPTrQWOFTMEDReJWiWGS 

30 Figure 1 shewa en exemplary construcdon of an 
RF-PCVD apparatus capable of performing a hydro- 
gen plasma treatment used In this Invention. 

Figure 2 to a graph ffustFatfng a variation of the 
dark conductivity of a aflfcon film with respect to a 
9* tirne period for a hyokoo^ pteema treatment 

Figure S to a cross-sectional view showing the 
main portions of a hquid crystal dfeofey apparatus of 
an example according to the invention. 

Hours 4 to a diagram showing an Mine CVD ap- 
40 paratue used for the present Invention. 

PESCHtPHOH OF THE PREFERRED 
EMffiOPIsgHTS 

46 Hereinafter, the present invention w*U be descri- 
bed with reference to the drawings. 

Exwipis 1 

so Brst,opn^cB5eforforrntf^aMC-SlfSm wfit be de- 

scribed below. In thte process, instead of a usual RF- 
PCVD apparatus, an RF-PCVD apparatus shown in 
Figure 1 to used. This opposition apparatus induces, 
In addition to the components of the usual RF-PCVD 

se apparatus, tw gas introducing lines, i.e., a hydrogen 
gaa introducing Una 1 and a material gas introducing 
tine 2. tf a vatve 3 for the material gas Introducing tin 
2 ia open, and a vatve 4 to ctasad, the material gas as 
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wad as the hydrogen gas te introduced into a reaction 
chamber 30. if the valve 3 Is dosed and the verve 4 
Is opart, the material gaa Is directy exhausted by an 
exhausting pump (not shown). Thus, onry the hydro- 
gen gas is irrlrodueed Wo the reaction chamber SO. 
The valve* 3 and 4 are controlled by a control device 
32 which is connected to a Ifruer 31 . As the result of 
the control of the valves 3 and 4, both the material 
gas and the hydrogen gas ere introduced Into the re- 
action chamber 30 during a certain redetermined 
period, and onry the hydrogen gas Is introduced into 
the reaction chamber 30 during the next certain pre- 
detBrnvrred period 

In the RF-PCVD apparatus shown fn Figure 1, 
power fs applied between an anode electrode 0 and 
a cathode electrode 7 by a radio frequency power 
supply 8, so that piaama 9 la perforated. During the 
period m which the material gaa end the hydrogen 
gaa are introduced into the reaction chamber 30» the 
material gas and the hydrogen gas are decomposed 
In the plasma 0, and a 31 layer is deposited on a sub- 
strate 10. During the period which or*y the hydro- 
gen gas fefotoduced, the SI layer Mrtrich has been de- 
posited on the substrate 10fe subjected to a hydrogen 
plasma treatment that is, exposed to Hrftfaarna. The 
deposition of a St layer art* the hydrogen plasma 
treatment therefor are repeatedly performed, ao that 
a iio-SI fQm having a desired thickness can be ob- 
tained. 

The formation of the pc-Sl f Im fn this example 
wffi be described below In more detail. First through 
the materia) gas Introducing I'me 2 provided in the RF- 
PCVD apparatus shown si Figure 1, manosRane 
(SBiJ as a material gas was introduced at a flow rate 
of 1 seem, and dfcoranefftH^wtth a gas doping rood 
of 1% as a doping gaa was introduced Into the reac- 
tion chamber 30. At the same toe. hydrogen (ft) was 
Introduced through the hydrogen gaa introducing line 
1 eta flow rale of 100 accm trite the rewalon chamber 
3D. Under condttons of the substrate temperature of 
30rj°C, the RF power density of 1 W/cm 2 , end the 
pressure of 100 Pa, a St layer having a thickness of 
10 angstroms was deposited on the substrate 10. 
Next, the vefve 3 waa doeed and the verve 4 was 
pened, ao that the mtroducbon of the materiel gas 
was stopped. Thus, onry the Hj waa introduced at a 
flow rate of 100 seem, and the deposited Si foyer waa 
exposed to Hj-pf asma. A cyde of such deposition of 
SI layer and hydrogen piaama treatment therefor was 
repeated, so that a po-Sffffm having a thickness of 
500 angstroms was flnatry obtained. 

Figure 2 shows a relationship between a time per- 
iod m which the hydrogen plasma treatment is per* 
termed In one cycle and a dark conductivity of the s9- 
icon f flm which is thus termed. In this example, a pow- 
er of 200 W is applied It Is seen from rhte figure that, 
by performing the hydrogen piaama treatment for 
about SO seconds In each cycle, the dark conductivity 
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of the eiicon tint la draattafty increased by about 
seven orders, and e dark conductivity of 1x1<r*Sfcm 
or more Is obtained. This means that, In a very thin 
flm, the crystetone structure Is changed by the hy- 
drogen plasma treasnent for about 50 seconds, ao 
that e£ioon fam can have a microcrystalilne structure 
tnareg^frcfnttostartcf ttwde^ 
ness of 800 angstroms or iese in which such irtioro- 
cyystallfcetton was otrftcuft by the conventional meth- 
od by which a (Urn Is formed by performing deposi- 
tions successively. 

In this example, a SI layer having a thickness of 
10 eriostrorne waa formed in one cycle. It Is under- 
stood that the layer thickness formed in one cycle 
may be 1-1000 angstroms, and preferably 5-100 ang- 
stroms In the case where the crystalline structure of 
the layer Is changed by the hydrogen plasma treat* 
merit aa descrfeed above. 

The emounl of bound hydrogen In the pc-SI film 
which was termed by repeating the above cycle was 
quantif ied to be 4-10 atornfc percent by infrared spec- 
troscopy, white the amount of bound hydrogen In a 
usual a-Si f ton Is 13-20 aternfc percent This is be- 
cause the amount of bound hydrogen In crystal SI 
wf**fetrK*udedmthe;u>^ 
is approx im a te ly 0 atomic percent 

Then, the compos Hon analyses was performed 
for the fihn which was thus formed, end the flm was 
arafyzed by reflected hig h- e n ergy eteofron dtffracaon 
and Raman spectroscopy. As a result, the flm thus 
formed was ascertained to be a aWeon f8m including 
the iiikxoci ystaSrto sfrticfturai 

Then, the Raman sca tteri ng spectrum of the po- 
st ften was dMded Into a broad peak specific toe-Si 
at about 480 cmr'. and a sharp peak of crystal SI le., 
a peak of the Si-Si binding at 620 enr 1 . Based on the 
integrated Intensity redo of these peeks, the cryatat- 
itne volume miction which represented the crystal Si 
percentage of the po-3< flm was measured. As a re- 
sult, the crystafitne volume fraction waa Q% in the a- 
Sl fQm formed by usual CVD under the usual oondi> 
fjortstcffbrrningaria 

fexm flm formed to have a thickness ofoWum or less 
by the P-CVD method without a hydrogen plearna 
fareatment On the other hand, in the po-Si fisn which 
was formed by repeating t he depcsHfon of an a-81 iay- 
er under condtton* of a high RF power and a high di- 
lution with hydrogen and the hydrogen plasma treat- 
ment as described above, the ay^tetikia volume frac- 
tion wee 10% or more, and at best, a pc-Si film with 
the crystsiiins volume fraction of 70% was obtained. 

in the above method, when the a-St flm waa de- 
posited, a p-rype pc-SJ film was formed by using di- 
borarte (B a hU as a d pfng gas. Alternatively, an n-ry- 
pe pc-Sl film can be formed by using a phosphlne 
(Phh)ges instead of diborane If such a doping 
gaa is not used, an Hype uo-Si flm Es obtained. The 
conductivity of true Hype pc-Sl f Urn Is 5 x 1 <f S/cm 
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or mom. 

In the a* ova article 11), in order to analyze the In- 
fluence on the mfcroeryataB izatton of the aScan layer 
by tfie deposition of a next sflicon layer fa started 
afters certain time period, folowing the comptetton 
of the hydrogen plasma treatment, hae elapsed. 
Therefore, according to the method descrihed In the 
article (1), the throughput Is reduced. On the other 
hand according to the method of this example, the 
deposition of the a-Sl layer and the hydrogen plasma 
treatment are continuously perfonwed without any In- 
terval, eo that the throughput cannot he reduced. 

The method described In the article (1) has a 
problem that the pressure variation is large because 
the Introduction of Sim and Hj is swftehed over, that 
«, only SIH« is introduced for the deposition of an e- 
Si tayer and only Hi fs Introduced for the hydrogen 
plasma treatment Into the reaction chamber. How- 
ever, according to this example, the hydrogen gas In- 
troducing fine 1 and the material gas introducing line 
2 are addUbnelr/ provided for the usual RF-PCVD ap- 
paratus, and the veivea 3 and 4 for the rnatariaJ gas 
introducing line a are controlled by the control device 
32 Which toccmnectod tothetSmertl, so that only the 
Introduction of the material gas can be stopped. 
Therefore, the total flow rate of the material gas and 
the hydrogen gas Introduced into the reaction <&an> 
ber30ls varied between the deposition of an a-Si lay- 
er and the hydrogen pteoma treatment toy 1% » 
so thatthe preeaure variation hi the resetter criairiber 
30 can be suppressed. 

Example 2 

Another method for forming a sfftoon Wm which 
includes mlcrocrystaulns structure from the begin- 
ning of information wfi be described. 

Ftort. s material gas including SIH 4 and a hydro- 
gen gas are m troouced into the reaction chamber of 
an RF-PCVD apparatus. Then, under comfioons that 
the dilution reHo with hydrogen (SWHj ratio) te 200 
or mors, and the power density Is 0,03-1.5 VWcrn* 
(preferably 0.1-0,3 Wfcrti 1 ), a sflicon (ayer Is deposft- 
ed to have s thickness of about 100 angstroms. 
Thereafter, the flow rate of hydrogen gas is changed 
so that the dilution ratio with hydrogen beoornee 2- 
100. Undera condition that the power density is (L03* 
1J5 W/cm* snother sftoon layer Is deposited on the 
pre vtousfy deposted sBleon layer. 

In this example, a silicon layer wasflrst deposited 
to have a thfckness of about 100 angstroms under 
cuncfitTons that the flow rate rfSfeH* was 1 accm, the 
flow rate of Hj was 1 000 seem, the power density was 
1 W/emMhe substrate temperature wee 300*C. and 
the pressure wss 100 Pa. Then, the flow rate of H2 
was changed to be 70 seem, and another sBicon layer 
was deposited on the previously deposited silicon lay- 
er. FtnsJty. the resulting sflicon fBm had a thickness of 
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IQDarigstroms. 

The slfcon film thus formed was analyzed by the 
infrared absorption spectral method, reftecbVe elec- 
tron beam diffraction, Raman spectroscopy or the 
l&e. Aa a result, the silicon film was ascertained to be 
a uc-SlfSm. The amount of bound hydrogen intheuo- 
Si flm was 0, and the crystalline volume fraction was 
30% or more. Moreover, the dark conductivity of the 
Mype uc-Si f Rm was measured to be2x10*S/cmor 
more. According to this method* a very good dark 
conducsVfty could be chained. 

In tht» example, the dtutJon ratio with hydrogen 
Is very high such as 200 or more, and thesitoonteyer 
Is deposited Therefore, the deposition rat© is very 
stow such as 0.05 angstroms per second or toss. 
However, a mkaocrystalline sftoon layer can be ob- 
tained even with Umknesaes of al>out100eiig**roins 
or leas from the beginning of the formation of the fOm. 
Since the po-SJ layer la fleet deposited up to the thick- 
ness of about 100 angstroms from the beginning of 
the fttm formation with very high cSution wfth hydro- 
gen, a euooesslve sfflcon layer also includes the m4- 
oocrysteliine structure influenced by the previously 
deposM uc^f laysc VVheri the |^ 
tted to have a tfctaknesa of about 100 angstroms from 
the beginning of the film formation, the dfonlon with 
hydrogen to changed to be 2-100. Therefore, the de- 
position rate can be increased to 02-0,3 angstrom 
per mac Aa a reaua, a sUcon f flm which Includes the 
mfoocryvtefBne structure even In the Cayecs with the 
mteknessas of 100 angstroms or less irom the begin- 
ning of the flmformslton can be farmed to have a de- 
sired thickness, 

Figure 3 shows the main portions of a Rquld crys- 
tal display apparatus Including TFTs In which semi- 
conductor layers are formed tvthemethod shown in 
Example 1 deeor&ed above. 

InthtoDquki cryslal tfsfSeyap parah i S ,onagtoas 
substrate 11, a gate electrode 12 te formed. On the 
surface of the gate electrode 12, an anode oxide fUm 
13 Is formed. Agate tosuiattog fam 14 Is formed so as 
to cover the entire top face of the substrate 11. A p* 
type uc-SI aernfettMfcjctor layer 15 to formed on the 
gate (imitating fern 14 so as to overtop the gate elec- 
trode 12. On the center portion of the semiconductor 
layer 15, an etching stopper 10 Is formed. A thin 
Eouroe f am 17a and a thin drain f Bm 1 7b are formed 
so as to cover the end portions of the etching stopper 
16 and portions of the semiconductor layer 15» re- 
spectively. The thin source f Urn 17 a and the thin drain 
f&n 17b are separated from each other on the etching 
stopper 10. 

On the thin source f sm 17a, a source electrode 
18a la formed. On the thin oYatofftro 17b, a drain elec- 
trode 1Sb Is formed. A passivation f flm 20s is formed 
n the source electrode 1Ba» and a pixel electrode 
2flb is formed on the drain electrode 18b. Moreover, 
a passivation f Om 21 Is formed so as to cover the en- 
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Ore top face of the substrata 11 aa an uppermost lay- 
er. 

The above-mentioned liquid crystal display appa- 
ratus la fabricated In the fbBowfng manner. 

Rrat, a thin tantalum (Ta) film having a thickness 
of about 300 rtm Is formed by sputtering on a glass 
substrate 11. The thin Ta f 1m Is patterned by photoli- 
thography and etching, so aa to form a gate electrode 
12. Thereafter, the substrate 11 Is immersed in an am- 
monium tartrate solution, and a current Is caused to 
flow from the outside so as to anodfee the substrata 
11. Aa a result, an anode oxide hwulating fihn 13 hav- 
ing a thickness of 301) nmtefoniwdc« the pBte elec- 
trode 12. 

Next, by using an Mine type CVO apparatus 
shown In Fl&ure 4, an StJ*+ fim tor a sffcon nitride 
(SfeN*) firm 14, a uo-Si film 15 and an etching stopper 
1 6 is fanned. Fire t a glass substrate 11 Is transported 
from a load chamber 22 to an StsNt deposftfofl cham- 
ber 23. MonosDane (S1H4). ammonia {NHJ and hydro- 
gen (HJ are I ntroduced into the Sy^ deposition 
chamber 23, so as to indue© ptaama discharge. As a 
result, an SWa gate Insulating fRm 14 having a thick- 
ness of 300 nm fa formed. 

Next the grass substrata 11 is transported to the 
jio-SI deposition chamber 24, and a jio-Si f Urn 15 b 
deposited on the gate Imutetmg fBm 14. The deposi- 
tion cxNrtftlora are set such that thefTowratoofmono- 
sfene (SIHJ as a material gas la 1 scorn, dfcorane 
(BaHe) with a gas doptog ratio of 1 % b used as a dop- 
ing gas, the How rate of hydrogen (HJb 100 seem, 
the power density 1a0.7 VWcro* the substrata temper- 
ature is 300°C, and the pressure to 1 00 Pa Under the 
above conditions, a SI layer having a thickness of 10 
angstroms per cycle Is first grown. Next, by applying 
a power having a power density of 0.7 W/cm* the hy- 
drogen plasma treatment Is performed for about 90 
seconds. Such deposition of s SI layer end tr» hydro- 
gen plasma treatment ere repeated, so as Co form a 
p-type uc-Si fim 15 having a thickness of 300 ang- 
stroms. 

Thereafter, the glass substrata 11 is transported 
to an SUN* tieposraon chamber 25. MonoeBww 
(SiHJ. ammonia (NHJ, and hydrogen (HJ are intro- 
duced into the StsHi deposition chamber 25, whereby 
an Sfel^ fRm having a t Wckneea of 300 nrn is formed 
on the \xe-SI i fim 15 by plasma dscharge. When the 
deposition of SdN» f tm fa completed, the glass sub- 
strate 11 lis transported through the vntoari chamber 
25. The sy^fJm (s patterned so as to form an etch- 
ing stopper 16. Next, an n*-doped Si film Is formed by 
CVD or the (See, and then patterned so as to form a 
thin source f*m 17a and a thin drain film 17b. 

Next, by sputtering, titanium (Tl) Is laminated to 
be about 300 nm in thickness, and then patterned so 
as to form a source electrode 18a and a drain elec- 
trode 18b. In this axampi , the channel length and 
the channel width are set to be 1 0 urn and 40 urn, re- 



spseffveiy. 

Thereafter, by using a target of Indium oxide In- 
cluding 5% tin (Sn), m an oxygen atmosphere, sput- 
tering b performed so as to form an indium oxide fim 

s to be about 70 nm in thickness. The Indium oxide la 
patterned so as to form a passivation fim 20a and a 
pixel electrode 20b on the source electrode 18a and 
the drain electrode 16b, respectively. Then, an SfeM* 
film having a thickness of 330 nm la farmed and pak- 

10 temed so as to form a passivation ffim 21. 

As described above, a substrate H wfth TFTs 
which b one of a oak of substrates of a liquid crystal 
display apparatus, aa shown to Ffgure 3, b formed, 
in this state, the characteristics of a TFT which b 

fs formed by the above described method are meas- 
ured. The ON current when s gale voltage of 10 V b 
applied b 13x 10* Act more, which Is sbout one and 
a half times of that in the case where en a»Sl f*m b 
used as the semiconductor layer. 

20 Thereafter, a grass plate which b the other one 
of the pair of substrates of the liquid crystal dbpiay 
apparatus end on which a color titer, a btack matrix, 
and an ITO stecfrode are formed b laminated to the 
glass substrate 11 with a apace therebetween, and 

28 HquJd crystal b injected tnto the space. A potartzlng 
plate b laminated to each of the substrates, and a 
back light b attached, whereby a liquid crystal display 
apparatuses produced. 

Aa described above, according to the above 

so metr»d, the ON current of a TFT cam rae Improved, ao 
that a liquid crystal dbptay apparatus for an engineer- 
ing work station having a site of 16 Inches and having 
1260 x 1024 p tests which was otffleutt to reafiza m the 
prior art can be produced. 

36 in addSton. the seiT>k»oductaf layer for the TFT 
can be formed at a tow temperature, so that a glass 
substrate which 9 mexeensbe can be used. 

In the above example, the p-type |*o-S( fare b 
used as the semiconductor layer for the TFT. Thb uv 

40 ventJonbnotlknttedtotnfe specrte type, but an Rype 
or n-type uc-Si can be used. 

In the above example, theuc-SJ film as the sem- 
iconductor layer for the TFT b formed by a method 
shown in Example 1. However, the po-6t film may be 

45 formed by a method shown In Example 2. 

The above example b described by using a TFT 
having a reversed stagger structure. Alternatively, by 
using a TFT having a stagger structure* the seme ef- 
fects can be attained, 

90 As apparent from the above description, accord- 
ing to the present invention, a TFT with superior flerd- 
effect mobSay can be fabricated ata low cost by using 
a targe-abed substrata. Therefore, a bige-sized Bo> 
utd crystal display apparatus for an nglfieering work 

ss station wfth high resolution can be realized. 

various other modifications wit be apparent to 
and can be readfty made by those skBled In the art 
without deparSng from the scope and spirit of thb in- 
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v ntiofu Accordingly, ft Is not Intended that the scope 
of the ctaima appended hereto be flmfted to the de- 
scription as setforth hereto, but rather that the claims 
be broadly construed. 



Claims 

1. A thta fSm transistor comprising: 

an tasutefing tUm hawing a surface; 

an {-type semiconductor film formed on 
said surface of sakt InsuJafing fftm; ^ ^ 

e source electrode and a drain electrode 
whfch ere tn contact with said semtafflductorfflm; 
and 

a gate electrode which a electrically insu- 
lated from said semiconductor turn, 

wherein a portion of sak* semiconductor 
tarn at distances of teas than 500 angstroms from 
eald surface of eald Insulattog fftn contains at 
least silicon including a rrrfcrocryataffne structure 
having a conductivity of 6 x 1<H Stam or more. 

2. Athtn Tflm transktar comprising: 

an insulating ftm having a surface; 

a p-type or n-type semiconductor fBm 
formed on said surface of said tosutotingfttm; 

a souroe electrode and a drain electrode 
which are In contact with saM semiooflductorfbn; 
and 

a gate efectroda which to afectricefly feau- 
iatad from said semtoonductorf&ra 

wherein a portion of said eemioonductor 
ftm at distances of teas than 500 angstroms trom 
said surface of said taautaHng ftm contains at 
least silicon Including a mfcrocrystsilne structure 
having a conductivity of 1 x 10-* 8/cm or more. 

3. A thin flm transistor comprising: 

an insulating Rm having a surface; 

a semiconductor fttm for mad on said sur- 
face of said Insulating firm 

a source electrode and a drain electrode 
which are fn contact with saW sernfconductor fim; 
and 

a goto electrode which is eteeWeaBy inau- 
latad from said sernioonductorfffrn, 

wherein e portion of said seirtconducter 
film at distances of less than SOO angatromaftom 
said surface of said insulating f3m contains at 
least silicon sviudtng amfcrocrystafline structure 
having an amount of bound hydrogen of 1 0 atom- 
ic percent riass. 

a. Athta fftm transistor comprlsfng: 

an Inst/iatfng ram having a surface; 
a seintoonductar f Bm formed on said sur- 
face of said insulating f am; 



to 



a source electrode and a drain electrode 
which are In contact with said aeirtconductorf Bm; 
and 

a gate electrode which la electrically insu- 
lated from said semiconductor film, 

whereto a portion of *aW seroSconrfuctor 
film at distances of less tharr 500 angstroms from 
said surface of said Insulating ffon contains at 
least silicon including a mkrorystafllne structure 
having crystalline volume fraction of 1Q% or 
mora. 



5. A method for fabricating a thin flm transistor 
oompiising a stop of forming a aernkwnductor 
t5 f Hm Including a sHfcon layer having a mlciocf ys- 
taitme structure by repeatocly performing steps 
(1}and<2): 

(1) forming a eHJoon leyer by decompoaing a 
materia! gaa Including SI which is introduced 

to Into a reaction chamber of a pJaama chemical 

vapor deposition apparatus; end 

(2) microcrystaUaJng said silicon layer by in- 
troducing said hydrogen gaa Into said cham- 
ber to perform a hydrogen plasma treatment 

30 feraaW sflJcon layer. 

a. a niethc* for fabricating a 

cording to claim fi, further comprising a step of 
performing a hydrogen piaama treatment for an 
30 upper surface of an Insulating film on which said 
semtc^nductor fUm Is formed, prior to said slap of 
forming said semiconductor f Qm on said insulat- 
ing fttm. 

7. A method for fabricating a tWn fttm translator ac- 
cording to da'sn 5, wherein. In said atop of form- 
ing said silicon layer, said silicon layer Is formed 
to have a thickness In the range of 1 to 1000 ang- 
stroms. 

40 8. A method for fabricating a thin fBm transistor 
comprising. 

a f iret stop for forming a silicon layer hav- 
ing a micrecrystaUlne structure under a condition 

45 of a dilution ratio wUhhydrogen of 200 or more, 
seed silicon layer having a thickness of 100 ang- 
stroms or less; end 

e ascond atop for forming, on said silicon 
layer, another sitcon layer having a microcrystaf- 

so line structure under a condition of a dilution ratio 
with hydrogen of 2-100. 

g. A method for productng a liquid crystal display 
apparatus Including thin mm transistors, wherein 
sb a stop of forming a semiconductor f Hm tor each 
of said thin fSm transistors comprises a step of 
forming a serntoonductor f Bm composed fa sil- 
icon layer having a mtcrocrystaOlna structure by 



'03$02j]06B(*) 196240 5$: 



SB: 



R : 5 8 3 



. 2/6/03 6:13 PAGE 22/40 

TO : Mr . Murakami. 



15 



EP0892 227 A2 



16 



repeatedly performing steps (1) and (2): 

(1) forming an amorphous a&lcon layer on a 
substrata by oecompoelng a material gas In- 
cluding SI Introduced Into a reacnon chamber 
ofapfasmecriemtaal vapor depositor* appa- 
ratus by plasma; and 

<2) performing a hydrogen ptawra treatment 
for said amorphous sittcon layer by introducr 
Ing a hydrogen gaa Into said reaction cham- 
ber. 

10. A plasma chemical vapor deposition apparatus 
ccmprtslngt 

a reaction chamber for forming a t Wn eenv 
loonductor layer and for performing a hydrogen 
plasma ^aftrnerrtfbr«aWrWn«emjconc^i^^ 

*** a first One, coupled with said reaction 
^ chamber. fwtoTlroduclnfl a hydrogen ©as into said 
reaction chamber, 

a second /be, coupled with said reaction 
chamber, for tatroducmg a material gas used far 
forming said thin semiconductor layer Into said 
reaction chamber; 

a third line, coupled with saW second ttne, 
for exhausting said material gas from aaW eeoond 
line; and 

switching means for awttCMng between 
said second tine for trsrwhicing aeid material gaa 
and said third line for exhausting said material 



11. A plasma chemteat vapor deposition apparatus 
comprising: 

a reaction chamber for fbrrnfng a thai sem- 
iconductor layer and tor performing a hydrogen 
pi asms treatment for saW thin semiconductor lay- 
er; 

a first fine, coupled with said reaction 
chamber, for fitirodudhg a hydrogen gas Into aafcJ 
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a second line, coupled with saW reaction 
chamber, tor Introducing a matBrtal gaa used tor 
forming said thin serraoonrtjctor layer into said 
reaction chamber; 

a third tine, coupled with eaW second toe, 
for exhausting said material gaa from said second 
line; 

e> firat vafve provided oft saW aecond line 
between aald reaction chamber and a coupling 
portion of said eeoond tine end said third tine; 

a second valve provided on said third Sine; 

and 

control means tor eontroHIng the opening 
and dosing sakt first valve and said aecond 
valve, 

wherein, when said thin semiconductor 
layer la farmed, said control means controls safd 



30 



fwtvaivBtobeopenandaakJ3ec<)fKlvarvetobe 
dosed, whereby eaU material gaa is Introduced 
Into saW reaction chamber, and when said hydro- 
gen plasma treatment la performed tor saW thin 
8emtcortducter layer, said control means controls 
eaJd second varve to be open and said f trst valve 
to be closed, whereby only the Introduction of 
aafcd material gaa Into aald reaction chamber b 
stopped. 

12. A method for forming a thfn semiconductor layer 
by plasma chemical vapour deposition compris- 
ing selectively supplying hydrogen gas and mate- 
rial gaa Including a earniconducax material into a 
reaction chamber, characterised by supplying the 
hydrogen gas continuously and the material gas 
Intermittent whereby when hydrogen gas and 
material gas are simultaneously supplied a layer 
of said semiconductor material Is deposited and 
when hydrogen gaa only Is euppWed a hydrogen 
plasma treatment is performed on the deposited 
layer of sensoonductDr material. 
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